Background: This study examined whether naltrexone (NTX) or varenicline (VAR), alone or in combination, can retard the phenotypic expression of a genetic predisposition toward high alcohol drinking in rats selectively bred for high alcohol intake when drug treatment is initiated prior to, or concomitantly with, the onset of alcohol drinking.
A LCOHOLISM INCREASES THE lifetime risk of physical illness, criminal and domestic violence, and financial and social insecurity (Fergusson et al., 2013) and represents a large economic burden on the U.S. healthcare system ($24.5B in 2006) (Bouchery et al., 2011) . Both psychosocial and pharmacologic approaches are being used to treat alcoholism once it develops, but a major goal continues to be the prevention of heavy drinking that leads to the development of alcohol use disorder (AUD) (American Psychiatric Association, 2013). A foolproof way to prevent AUD is to never start drinking in the first place but, given the legal availability and popularity of alcohol, combined with a societal tolerance toward drinking, a more realistic goal may be to reduce, rather than eliminate, alcohol drinking (White and Hingson, 2014) , which can prevent the most damaging health consequences of drinking that often occur after prolonged and extensive consumption.
As early as the 1980s, it was recognized that the probability of drinking heavily is, in part, genetically determined (Cadoret et al., 1980; Cloninger et al., 1981) as evidenced by the fact that the incidence of alcoholism is higher in families of alcoholics than in the general population. For instance, sons of alcoholics were found to be approximately 3 to 5 times more likely to become alcoholic than were sons of nonalcoholics (Cotton, 1979; Goodwin et al., 1974) . This increased risk could not be attributed to environmental factors only, such as availability of alcohol in the home or mimicking the behavior of drinking adults, as sons of alcoholics who were adopted by nondrinking families in early life were still 3 times more likely to become alcoholic than were similarly adopted sons of nonalcoholics (Cadoret et al., 1980; Cloninger et al., 1981; Goodwin et al., 1973 Goodwin et al., , 1974 . A study of the age-corrected lifetime prevalence of alcohol dependence in over 5,000 relatives of 1,269 probands with alcohol dependence found that 45% of alcoholdependent subjects had 1 or both parents who were alcohol dependent themselves (Nurnberger et al., 2004) . A current popular approach for exploring the genetics of alcoholism is the use of genotyping to identify genes related to genetic risk of alcohol abuse and dependence (Bierut et al., 2012; Edenberg and Foroud, 2013) . Rodents selectively bred for high voluntary alcohol drinking, such as rats of the alcohol-preferring (P) line, are a good model of individuals at high genetic risk of the development of alcoholism. These rat lines are uniquely suited for identifying pharmacotherapeutic agents that have the potential to inhibit the expression of a genetic predisposition toward high alcohol drinking.
Naltrexone (NTX), a classic opioid receptor antagonist, is the most extensively characterized and effective agent currently used to treat alcohol abuse and alcoholism (for review, see Froehlich et al., 2003; O'Malley and Froehlich, 2003) . NTX decreases alcohol drinking in rodents in a variety of situations including during unrestricted access to alcohol, during restricted or scheduled access to alcohol, and during reinstatement of access to alcohol following alcohol deprivation. In humans, NTX decreases heavy drinking in both alcohol-dependent and nondependent alcohol drinkers (for review, see Chick et al., 2000; Hendershot et al., 2016) . NTX also reduces alcohol craving in individuals with AUD (Volpicelli et al., 1992) and reduces alcohol drinking in young adults (O'Malley et al., 2015) . However, not all studies have found significant effects of NTX in the treatment of AUD (Krystal et al., 2001) . Recently, varenicline (VAR) has also been shown to reduce alcohol drinking in rodents (Froehlich et al., 2016; Steensland et al., 2007) and humans (Falk et al., 2015; Fucito et al., 2011; Litten et al., 2013; McKee et al., 2009) . VAR, which is marketed as CHANTIX Ò in the United States, and as CHAMPIX in Europe and elsewhere, is an orally active a4b2 nicotinic acetylcholinergic receptor (nAChR) partial agonist that was FDA-approved for smoking cessation in 2006 (Rollema et al., 2007) . VAR reduces alcohol consumption in both alcohol-dependent (Litten et al., 2013) and nondependent (Mitchell et al., 2012) individuals and in both smokers and nonsmokers (Falk et al., 2015; Litten et al., 2013) . However, a reduction in alcohol consumption is not always seen (Schacht et al., 2014) . Both NTX alone and VAR alone can reduce alcohol craving (Fucito et al., 2011; O'Malley et al., 1996) and the subjective reinforcing effects of alcohol ("high" or "intoxication") (McKee et al., 2009; Volpicelli et al., 1995) . A combination of NTX + VAR has been reported to decrease both smoking Roche et al., 2015) and alcohol drinking (Ray et al., 2014 ). In the current study, we hypothesized that combining NTX with VAR would block the expression of a genetic predisposition toward high alcohol drinking if the combination was given either prior to, or concomitantly with, the first opportunity to drink alcohol. To test this hypothesis in humans would require that the combination be administered prior to, or beginning with, the first alcohol drinking experience which, in individuals at high genetic risk of alcoholism, can be at an early age (Kuperman et al., 2013) . Initiating a pharmacological intervention at an early age in humans is not likely to be undertaken unless evidence exists that it has a potential long-term benefit. The current study investigated whether NTX or VAR alone, or in combination, when administered prior to, or concomitantly with, the first opportunity to drink alcohol, can prevent the expression of a genetic predisposition toward high alcohol drinking in alcohol-na€ ıve P rats that have been selectively bred for alcohol preference and high alcohol drinking.
MATERIALS AND METHODS

Subjects
Genetic animal models have been particularly useful in furthering our understanding of a number of human diseases that are, in part, genetically determined, including alcoholism. In 1974, Drs. Li and Lumeng began a selective breeding program for high and low alcohol drinking in rats, which resulted in the derivation of 2 rat lines: the alcohol-preferring (P) and nonpreferring (NP) lines (Li et al., 1979) that differed widely in voluntary alcohol intake. Rats of the P line, which voluntarily consume large quantities of alcohol, have been extensively characterized both behaviorally and physiologically (Bell et al., 2012; Froehlich, 2010; Froehlich and Li, 1991; Murphy et al., 2002) and have been found to meet all of the criteria of an animal model of alcoholism (Cicero, 1979) . P rats are bred in the Indiana University Alcohol Research Resource Center using an "active selection" approach where rats are tested for alcohol preference in every generation.
Fifty-seven alcohol-na€ ıve male P rats, of approximately 100 days of age, from the 77th generation of selective breeding for alcohol preference were purchased from the Indiana University Alcohol Research Resource Center. All rats were individually housed in stainless steel hanging cages located in an isolated vivarium with controlled temperature (21 AE 1°C) and a reverse 12-hour light/dark cycle (lights off at 0900 hours). Standard rodent chow (Laboratory Rodent Diet #7001; Harlan Teklad, Madison, WI) and water were available ad libitum throughout the study. Fluids (water and the alcohol solution) were made available in calibrated glass Richter tubes. Water was available ad libitum and alcohol was available for 2 h/d, from 0900 hours to 1100 hours, 7 days a week. Alcohol intake (ml/kg BW) was recorded daily at the end of the 2-hour alcohol access period. Water intake (ml/kg BW) and body weight were recorded twice weekly. All subjects were acclimated to individual housing for 7 weeks prior to initiation of the study. All experimental procedures were approved by the Indiana University Institutional Animal Care and Use Committee and conducted in strict compliance with the NIH Guide for the Care and Use of Laboratory Animals.
Alcohol Solution
A 15% (v/v) alcohol solution was prepared by diluting 95% alcohol (ethanol) with distilled and deionized water. The alcohol solution and water were presented concurrently in 2 separate calibrated glass drinking tubes, and fluid intake was recorded to the nearest milliliter. The positions of the tubes were rotated daily to prevent development of a side preference. Alcohol intake was converted from ml alcohol/kg BW to g alcohol/kg BW.
Choice of Drug Dose
We have previously found that low doses of drugs that do not reduce alcohol intake when given alone can effectively reduce alcohol intake when combined (Froehlich et al., 2013b (Froehlich et al., , 2016 Rasmussen et al., 2015) . For instance, NTX alone in a dose of 15.0 mg/ kg BW and VAR alone in a dose of 1.0 mg/kg BW do not decrease ongoing alcohol drinking in P rats. However when these ineffective doses of NTX and VAR are combined into a single medication (15 mg/kg BW NTX + 1.0 mg/kg BW VAR), the combination decreases alcohol intake (Froehlich et al., 2016) . A low dose of NTX is preferable to higher doses because the potential for side effects is reduced. A low dose of VAR (1.0 mg/kg BW) is preferable to higher doses because low doses are receptor specific and do not alter food consumption in rats (O'Connor et al., 2010) . VAR, like many other ligands, interacts with receptor classes as a function of dose administered. The higher the dose, the less selective VAR becomes. In doses above 3.0 mg/kg, VAR may not be specific for the a4b2 and/or a7 nicotine acetylcholine receptors (Rollema et al., 2007) and a dose of 3.0 mg/kg has been reported to decrease food intake in rats (O'Connor et al., 2010) .
Drug Preparation
VAR (Pfizer INT., Groton, CT) and NTX (Pfizer INT.) were incorporated into star-shaped pieces of flavored gelatin and were fed to the rats. This drug delivery approach is both safe and effective for prolonged daily drug delivery (Froehlich et al., 2013a (Froehlich et al., ,b, 2015 (Froehlich et al., , 2016 Rasmussen et al., 2015) and is optimal for drugs that are water soluble and orally active. NTX and VAR, alone or in combination, were dissolved in deionized and distilled water and added to a sweetened gelatin solution. The solution was comprised of berry flavored Jell-O, gelatin, dextrose, sodium saccharin, and Magnasweet in distilled and deionized water. NTX and VAR, expressed as free base masses, were added to the gelatin solution to produce the following doses: 15.0 mg NTX/3.0 ml solution/kg BW, 1.0 mg VAR/3.0 ml solution/kg BW, and 15.0 mg NTX/3.0 ml solution/ kg BW + 1.0 mg VAR/3.0 ml solution/kg BW. The gelatin solution, containing drug or no drug (vehicle), was aliquoted into starshaped molds, 1 per rat per day, with the volume of each aliquot determined by the body weight of the rat, as previously described (Froehlich et al., 2013a (Froehlich et al., ,b, 2015 (Froehlich et al., , 2016 Rasmussen et al., 2015) .
Oral Drug Delivery
The gelatin stars (approximately 1.8 g each) containing NTX and VAR, alone or in combination, were fed to the rats once each day by inserting them through a hole in the front of the cage. The rats consistently ate the gelatin star within 1 minute. Cages were checked to confirm that no pieces of gelatin were dropped. If they were, which was rare, they were refed to the rat. Gelatin stars were fed each day at 1 hour prior to onset of the daily 2-hour alcohol access period because the half-lives of NTX and VAR are relatively short. The half-life of NTX in the rat is 1.8 AE 0.21 hours (Hussain et al., 1987) . The half-life of VAR in the rat is 4.0 AE 0.9 hours (Obach et al., 2005) . In an earlier study, we found that consumption of a flavored gelatin star with no drug (vehicle) at 1 hour prior to a daily 2-hour alcohol access period did not alter alcohol intake (Froehlich et al., 2016 ). In the current study, gelatin without drug (vehicle) was fed to all rats once a day for 2 days prior to the initiation of drug treatment in order to familiarize the rats with this oral drug delivery approach. We have previously used this approach for the prolonged administration of prazosin, NTX, and VAR (Froehlich et al., 2013a (Froehlich et al., ,b, 2015 (Froehlich et al., , 2016 .
Experimental Design
The effect of drugs on initiation of alcohol drinking was assessed in alcohol-na€ ıve P rats that were either pretreated with drug for 2 weeks prior to onset of alcohol access or were treated with drug concomitantly with the first opportunity to drink alcohol. Rats were matched, based on body weight (g/kg BW), and assigned to drug treatment groups in a manner that ensured that the groups did not differ in body weight (mean body weight in grams/rat: pretreated NTX = 547, VAR = 546, NTX + VAR = 546, concominant NTX = 545, VAR = 545, NTX + VAR = 547, vehicle = 547). All rats were given 3 weeks of alcohol access for 2 h/d (0900 to 1100), which began on the same day for all rats. Half of the rats received daily drug treatment beginning 2 weeks prior to the onset of alcohol access. The other half of the rats received daily drug treatment beginning at the onset of alcohol access (concomitant with the first opportunity to drink alcohol). Drug treatment was delivered at 1 hour prior to daily alcohol access for 3 weeks for all rats. Food and water was available ad libitum. Drug doses were 15.0 mg/kg BW for NTX alone, 1.0 mg/kg BW for VAR alone, and 15.0 mg/kg BW for NTX + 1.0 mg/kg BW for VAR in combination. Three groups received drug concomitantly with onset of alcohol access and 3 groups received drug 2 weeks prior to onset of alcohol access, for a total of 6 groups. A seventh group (VEH) received gelatin stars without drug at 1 hour prior to daily alcohol access for 3 weeks and treatment began concomitantly with onset of alcohol access.
After 21 days of daily drug (or vehicle) treatment, both drug treatment and alcohol access were discontinued for 1 week. Alcohol access was then reinstated, without drug treatment, for an additional 3 weeks in all groups, to assess whether alcohol intake returned to baseline levels following drug termination. Following 3 weeks of drug termination, daily alcohol access (2 h/d) was continued and drug treatment (6 groups) or vehicle treatment (1 group) was reinstated for an additional 3 weeks. The experimental timeline is depicted in Fig. 1 .
Data Analysis
Alcohol and water intake were analyzed using 2-way repeatedmeasures (RM) analyses of variance (ANOVAs) (treatment 9 day, RM on day). When sphericity could not be assumed, as indicated by a significant Mauchly's test (p < 0.05), Greenhouse-Geisser was used to correct the degrees of freedom. The RM ANOVAs were followed by pairwise multiple comparisons using Dunnett's multiple comparisons against a single mean (vehicle). Significance was accepted at p < 0.05 and data are represented as mean AE SEM.
RESULTS
Effect of Prolonged Drug Treatment on Initiation of Alcohol Drinking and Acquisition of Alcohol Preference
The RM ANOVA (with Greenhouse-Geisser correction, e = 0.5) for alcohol intake in alcohol-na€ ıve P rats that received drug treatment for 2 weeks prior to onset of alcohol access, and in alcohol-na€ ıve P rats that received drug treatment concomitant with onset of alcohol access, revealed a significant effect of treatment F(6, 50) = 7.1, p < 0.001, day F(9.0, 450.7) = 24.8, p < 0.001, and a treatment 9 day interaction F(54.1, 450.7) = 1.8, p < 0.01 (Fig. 2) . Further analyses using Dunnett's post hoc comparison against a single mean (vehicle) revealed that, in rats that were pretreated with drug for 2 weeks prior to onset of alcohol access, only NTX + VAR significantly decreased alcohol intake (p < 0.01) (Fig. 2, pretreated) . In rats that received drug treatment concomitant with onset of alcohol access, NTX alone, VAR alone, and NTX + VAR, each significantly decreased alcohol intake (p < 0.05, p < 0.001, and p < 0.01, respectively) (Fig. 2, concomitant) .
The RM ANOVA (with Greenhouse-Geisser correction, e = 0.6) on water intake in alcohol-na€ ıve rats that received drug treatment for 2 weeks prior to onset of alcohol access, and in rats that received drug treatment concomitant with onset of alcohol access, revealed a significant effect of treatment F(6, 2.4) = 2.4, p < 0.05, a significant effect of day F(2.9, 143.2) = 35.8, p < 0.001, and a significant treatment 9 day interaction F(17.2, 143.2) = 2.0, p < 0.05 (Table 1) . However, Dunnett's post hoc comparison against a single mean (vehicle) revealed that no individual treatment significantly altered water intake when compared with the vehicle-treated group.
Effect of Prior Drug Treatment on Alcohol Intake Following Drug Termination
After 1 week without drug treatment or access to alcohol, daily 2-hour alcohol access was reinstated for 21 days in the absence of drug treatment (Fig. 3) . The RM ANOVA (with Greenhouse-Geisser correction, e = 0.6) for alcohol intake in rats that previously received drug treatment for 2 weeks prior to onset of alcohol access during drug initiation and in rats that previously received drug treatment concomitant with onset of alcohol access during drug initiation revealed a significant effect of treatment F(6, 50) = 2.8, p < 0.05, day F(11.3, 564.3) = 10.1, p < 0.001, and a treatment 9 day interaction F(67.7, 564.3) = 1.4, p < 0.05. Further analyses using Dunnett's post hoc comparison against a single mean (vehicle) revealed that, when drug treatment had preceded onset of alcohol access by 2 weeks during drug initiation, none of the prior drug treatments continued to reduce alcohol 
CONCOMITANT
Days
Alcohol Intake (g/kg BW) Fig. 2 . Effect of naltrexone (NTX), varenicline (VAR), or NTX + VAR, on the acquisition of alcohol drinking in alcohol-na€ ıve P rats. Drugs were given either 2 weeks prior to (pretreated), or concomitantly with (concomitant), the onset of 3 weeks of alcohol access. The vehicle group is depicted with a solid line in the concomitant panel and is also transposed as a gray line in the pretreated panel to facilitate visual comparison of the vehicletreated group and the 6 drug-treated groups. Each point represents the mean AE SEM. The effect of naltrexone (NTX) (15.0 mg/kg BW), varenicline (VAR) (1.0 mg/kg BW), or NTX (15.0 mg/kg BW) + VAR (1.0 mg/kg BW) on water intake. Water consumption was recorded twice weekly, and values represent the average water intake (ml/kg BW AE SEM) in each treatment group during drug initiation, drug termination, and drug reinstatement. intake following drug termination (Fig. 3, pretreated) . When drug had been given concomitantly with the onset of alcohol access during drug initiation, VAR (p < 0.05) and NTX + VAR (p < 0.05) continued to reduce alcohol intake following drug termination (Fig. 3, concomitant) .
The RM ANOVA (with Greenhouse-Geisser correction, e = 0.7) on water intake in rats that previously received drug treatment for 2 weeks prior to onset of alcohol access during drug initiation and in rats that previously received drug treatment concomitant with onset of alcohol access during drug initiation revealed no significant effect of treatment, a significant effect of day F(3.7, 184.0) = 66.8, p < 0.001, and no treatment 9 day interaction ( Table 1) .
Effect of Reinstatement of Prolonged Drug Treatment on Alcohol Drinking and the Expression of Alcohol Preference
The RM ANOVA (with Greenhouse-Geisser correction, e = 0.6) on alcohol intake in rats that previously received drug treatment for 2 weeks prior to onset of alcohol access and in rats that previously received drug treatment concomitant with onset of alcohol access revealed a significant effect of treatment F(6, 49) = 9.5, p < 0.01, day F(12.4, 605.3) = 17.2, p < 0.001, and a treatment 9 day interaction F(74.1, 605.3) = 1.4, p < 0.05 (Fig. 4) . Further analyses using Dunnett's post hoc comparison against a single mean (vehicle) revealed that, when drug treatment was reinstated in subjects that had previously received drug treatment for 2 weeks prior to onset of alcohol access, only NTX + VAR reduced alcohol intake during drug reinstatement (p < 0.05) (Fig. 4, pretreated) . When drug treatment was reinstated for subjects that had previously been treated with drug concomitantly with the onset of alcohol access, only NTX + VAR and NTX alone reduced alcohol intake (p < 0.01, and p < 0.01, respectively) (Fig. 4, concomitant) .
The RM ANOVA (with Greenhouse-Geisser correction, e = 0.7) on water intake, during the reinstatement of drug treatment, in rats that received drug treatment for 2 weeks 
CONCOMITANT
Alcohol Intake (g/kg BW) Days Fig. 3 . Alcohol intake during the 3 weeks following termination of naltrexone (NTX), varenicline (VAR), or NTX + VAR treatment in P rats that had been given drug either 2 weeks prior to (pretreated), or concomitantly with (concomitant), the onset of alcohol access during drug initiation. The vehicle group is depicted with a solid line in the concomitant panel and is also transposed as a gray line in the pretreated panel to facilitate visual comparison of the vehicle-treated group and the 6 drug-treated groups. Each point represents the mean AE SEM. . Effect of naltrexone (NTX), varenicline (VAR), or NTX + VAR on alcohol intake during 3 weeks of drug reinstatement in rats that had been given drug for either 2 weeks prior to (pretreated), or concomitantly with (concomitant), the onset of alcohol access during drug initiation. The vehicle group is depicted with a solid line in the concomitant panel and is also transposed as a gray line in the pretreated panel to facilitate visual comparison of the vehicle-treated group and the 6 drug-treated groups. Each point represents the mean AE SEM.
prior to onset of alcohol access during drug initiation and in rats that were treated with drug concomitantly with the onset of alcohol access during drug initiation, revealed a significant effect of treatment F(6, 49) = 2.5, p < 0.05, and day F(3.4, 164.5) = 48.1, p < 0.001, but no treatment 9 day interaction (Table 1) . However, Dunnett's post hoc comparison against a single mean (vehicle) revealed that no individual treatment significantly altered water intake when compared with the vehicle-treated group.
DISCUSSION
The fact that alcoholism is, in part, genetically determined raises a question regarding what is inherited when one inherits a predisposition toward alcohol drinking. One thing that is inherited is a difference in the response of the opioid system to alcohol. Alcohol drinking stimulates the release of beta-endorphin, which mediates the euphoric effect of alcohol (feeling of intoxication) (for review, see Froehlich, 1993; Li, 1993, 1994; Froehlich and Wand, 1996) . The beta-endorphin response to alcohol is heritable (Froehlich et al., 2000) and the response is greater in individuals with a family history of alcoholism than it is in individuals without a family history of alcoholism (Gianoulakis et al., 1996) . Both NTX and VAR reduce alcohol-induced feelings of intoxication and wellbeing and reduce alcohol drinking (Chick et al., 2000; Childs et al., 2012; Froehlich et al., 2003; Hendershot et al., 2016; Litten et al., 2013; McKee et al., 2009; O'Malley and Froehlich, 2003; Verplaetse et al., 2016; Volpicelli et al., 1995) . NTX is more effective in decreasing alcohol drinking in individuals with a family history of alcoholism ("family history positive" or "high risk") than in individuals without a family history of alcoholism (Krishnan-Sarin et al., 2007; Monterosso et al., 2001) . The results of the current study suggest that a combination of NTX + VAR may be more effective than is either drug alone in decreasing alcohol drinking in high-risk individuals.
There is a strong link between family history of alcoholism, age of onset of drinking, and amount of alcohol consumed. People with a family history of alcoholism start drinking at an earlier age and drink more than do those without a family history of alcoholism (Dawson, 2000; Hill and Yuan, 1999; Jennison and Johnson, 1998) . For instance, individuals with a family history of alcohol dependence are 49% more likely to initiate alcohol drinking before age 15 (Kuperman et al., 2013) . These high-risk individuals are also more likely to experience difficulty in avoiding early and/or heavy alcohol drinking. We have previously reported that a combination of NTX + VAR, when administered acutely or chronically, can reduce alcohol drinking in P rats that have a well-established pattern of alcohol drinking (Froehlich et al., 2016) . However, it was not known whether NXT + VAR could block the acquisition of alcohol drinking in P rats that have a genetic proclivity toward high alcohol intake. This question was addressed in the current study where NTX + VAR alone and in combination were administered either prior to, or concomitantly with, the first opportunity to drink alcohol in alcohol-na€ ıve rats with a genetic predisposition toward high alcohol drinking (P line). The results indicate that NTX + VAR retards the expression of a genetic predisposition toward high alcohol drinking and suggests that this combination may be useful for curtailing alcohol drinking in high-risk populations (family history positive) if it is taken prior to, or concomitantly with, the first opportunity to drink alcohol.
In the current study, the acquisition of alcohol drinking in P rats was rapid and within 7 days of initial access to alcohol for 2 h/d, P rats, treated with vehicle, were drinking in excess of 1.5 g alcohol/kg BW in 2 hours. This agrees well with our prior findings in P rats (Froehlich et al., 2013a (Froehlich et al., ,b, 2015 . We had predicted that NTX + VAR would block the acquisition of alcohol drinking in P rats if given either prior to, or concomitantly with, initial access to alcohol. The results of the current study support this prediction. NTX + VAR retarded the acquisition of alcohol drinking in rats pretreated with the combination either prior to, or concomitantly with, the onset of alcohol access. NTX + VAR not only blocked the initial acquisition of high alcohol drinking but also reduced alcohol intake, when compared to vehicle, throughout 21 days of drug treatment.
The fact that low doses of NTX or VAR, when given alone, failed to reduce alcohol drinking in P rats pretreated with the drug prior to onset of alcohol drinking (Fig. 2 , pretreated) agrees well with our prior findings that low doses of these drugs, when given alone, fail to reduce ongoing alcohol drinking in P rats (Froehlich et al., 2016) . The fact that NTX + VAR in combination reduced the acquisition of alcohol drinking agrees with our prior findings that low doses of NTX and VAR, when combined, reduce ongoing alcohol drinking in P rats. What was surprising in the current study was the fact that a low-dose NTX alone or VAR alone, as well as in combination, blocked the acquisition of alcohol drinking when given concomitantly with the first opportunity to drink alcohol (Fig. 2, concomitant) . The difference between the current study and our prior studies is that the rats in the current study were alcohol-na€ ıve. It is possible that rats that have never experienced the effects of alcohol may require a smaller dose of NTX and VAR to block the acquisition of alcohol drinking, whereas rats with established alcohol drinking behavior are more likely to continue drinking when treated with low doses of VAR or NTX, and will only decrease their drinking when doses are increased. If this is the case, one might ask why low doses of NTX and VAR alone did not decrease the acquisition of alcohol drinking in rats treated with drug for 2 weeks prior to onset of alcohol access as they too were alcohol-na€ ıve. One could speculate that the prolonged (2 weeks) administration of NTX alone or VAR alone, prior to onset of alcohol drinking, resulted in receptor changes that interfered with the drugs ability to decrease alcohol intake. Receptor up-regulation (increase in receptor number or affinity) can occur with prolonged administration of receptor ligands such as NTX or VAR. For instance, a compensatory up-regulation of opioid receptors occurs in discrete brain regions after 7 to 8 days of NTX treatment (Zukin et al., 1982) . Similarly, 10 days of VAR treatment induces up-regulation of nAChRs (a4b2, a3b4, and a7) in the brain (Marks et al., 2015) . Up-regulation of NTX and VAR receptors might be expected to negate the suppressive effects of NTX and VAR on initiation of alcohol drinking in rats that have received prolonged drug treatment (Melmed et al., 2015) (Fig. 2, pretreated) .
When daily access to alcohol was continued, but drug treatment was terminated, none of the drug treatments continued to decrease alcohol intake in rats previously pretreated with the drugs for 2 weeks prior to onset of alcohol access. However, in rats that had previously received drug treatment concomitantly with onset of alcohol access, both VAR and NTX + VAR continued to decrease alcohol intake following drug termination.
When drug treatment was reinstated after a prolonged drug-free period, the combination of NTX + VAR reduced alcohol intake, as it had during the drug initiation phase, in rats previously treated with drug either prior to, or concomitantly with, the first opportunity to drink alcohol. The ability of NTX + VAR to reduce drinking after a long period without drug treatment suggests that this combination might be effective if used during times of increased risk of heavy drinking. This "targeted medication" approach has previously been suggested as an optimal strategy for implementing treatment with NTX and nalmefene (Kranzler et al., 1997; Mann et al., 2013; Sinclair, 2001 ). The rapid onset of action of NTX + VAR, which was effective on the first day of drug treatment, suggests that this combination might have a favorable compliance profile as people are more likely to adhere to treatment when beneficial effects are experienced immediately .
In summary, a combination of NTX + VAR, when administered prior to, or concomitantly with, the first opportunity to drink alcohol, blocked the acquisition of alcohol drinking during both initial access to alcohol and during a later period of alcohol access in P rats that are selectively bred for alcohol preference and high alcohol intake. Clinical studies on the potential ability of this drug combination to curtail drinking in populations at high genetic risk of the development of alcoholism may be warranted.
